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The electrosensory system of the catfish detects weak electrical fields 
that are present in the surrounding environment whereas the 
mechanosensory system detects low frequency displacement of the water. 
Both electrosensory and mechanosensory receptor organs are innervated by 
branches of the anterior, medial, and posterior lateral line nerves (ALLN, 
MLLN, and PLLN respectively; Herrick, 1901). Afferent fibers from these 
nerves project and terminate within various nuclei in the medulla and 
cerebellum of the brain (Tong and Finger, 1983; Finger and Tong, 1984; for 
review, see Finger, 1986). 
The purpose of this study is to determine the organization of the 
primary afferent nerve fibers of branches of the ALLN in the medullary and 
cerebellar nuclei. The ALLN has four main branches that innervate both 
electrosensory and mechanosensory receptors on the head (Herrick, 1901, 
Finger, 1986). By labeling individual branches of the ALLN, we have 
determined the central organization and topographic relationship of the 
nerve branch fibers and their terminal fields within the various nuclei. 
Standard nerve fiber tract tracing techniques were employed for this purpose. 
Evidence from various studies, including receptor morphology and 
physiology (J0rgensen, 1989), receptor innervation (Herrick, 1901), central 
nervous system anatomy (Finger, 1986), ontogeny (Northcutt, 1986), and the 
2 
phylogenetic distribution of electroreception (Bullock et al, 1982, 1983) suggest 
tL1 the electrosensory system in the catfish evolved as a specialization of the 
mechanosensory lateral line system (for review, see Finger et al, 1986, and 
Bodznick, 1989). By studying these two phylogenetically related systems in 
the catfish, one can ask fundamental questions about the evolution of new 
sensory systems from preexisting systems. Are the nuclei subserving each 
modality organized similarly, reflecting their common phylogenetic history? 
Or, is the organization different in the two nuclei despite their origins, 
reflecting the differences of processing two fundamentally different stimuli? 
Phylogenetic Distribution of Electroreception 
Electroreception is widely distributed among anamniotic vertebrates 
(for review, see Bullock et. al., 1983; see figure 1), but the sensory organs and 
the central anatomy differ among various taxa. The electrosensory system in 
the majority of non-teleost fishes and some amphibians consists of peripheral 
receptors and a central organization that is common among most non-
teleosts, implying a common ancestry (see figure 1). This electrosensory 
system is characterized by primitive ampullary electroreceptors and primary 
afferent input that is conveyed by the anterior lateral line nerve (ALLN) to 
the dorsal octavolateralis nucleus (DON) in the medulla. This type of 
electrosensory system is found among the Petromyzoniformes (lampreys), 
Chondricthyes (sharks, skates, rays, and chimeras), Dipneusti (lungfish), 
3 
Crossopterygii (which includes one extant species, the coelacanth) and 
p(iiypteriformes fish as well as the urodele and apoda Amphibians. Among 
the actinopterygians (ray-finned fishes), the Chondrostei (sturgeons and 
paddlefish) also possess this type of electrosensory system. The Holostei (gars 
and the bowfin), the radiation that gave rise to the teleosts (modern bony 
fishes), has lost electroreceptive abilities. Most teleosts lack both peripheral 
electroreceptors and the central nuclei to process electrosensory information. 
A few groups of teleosts, however, have re-evolved electroreception 
(for reviews, see Bullock et al, 1983; Finger et al, 1986, and Bodznick, 1989; see 
figure 2). These include four phylogenetic groups: within the ostariophysine 
lineage Siluriformes (catfish) and Gymnotiformes (South American weakly 
electric fish) are electroreceptive, and among the osteoglossiform lineage 
Mormyriformes (African weakly electric fish) and Xenomystina are 
elctroreceptive. The electrosensory system in these fish is characterized by 
either ampullary electroreceptors (catfish and Xenomystinae), or both 
ampullary and tuberous organ electroreceptors (gymnotiforms and 
mormyriforms). These receptors are innervated by branches of both the 
ALLN and PLLN and have primary afferent input that terminates in the 
electrosensory lateral line lobe (ELLL); a nucleus found only in these 
electroreceptive teleosts. This nucleus is not homologous to the DON found 
in the phylogenetically older electrosensory system but is rather homoplasic 
to it, reflecting parallel evolution of the two nuclei (McCormick, 1983; see 
figure 3). Depending on the relatedness of these teleosts, the electrosensory 
system has been re-evolved at least twice and possibly three or four times 
among teleosts (Fink and Fink, 1981, Le et. al. 1993). 
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Among the teleosts, catfish posses an electrosensory system that has 
fe1vcr components than the active electrosensory system found in the 
gymnotiforms and mormyriforms. These latter produce a high frequency 
electric field by an electric organ discharge, possess tuberous receptors to detect 
this self-generated electrical field and the central nuclei to process the high 
frequency information in addition to low frequency ampullary receptors (Carr 
and Maler, 1986; Bell and Szabo, 1986). Catfish have a low frequency 
electrosensory system, lack tuberous electroreceptors and the central nuclei 
specialization associated with the high frequency system (Finger, 1986). 
Evolutionary Origin of the Electrosensory System 
in Catfish 
The mechanosensory system, which is present in virtually all fishes 
and some amphibians (for reviews, see Northcutt, 1989 and Bodznick, 1989) 
detects water motion created by moving sources. Although the electrosensory 
system has been lost and then re-evolved several times, the mechanosensory 
system appears to be a homologous character found across the entire taxa of 
anamniotic vertebrates (except the hagfish and a few other taxa). 
Mechanosensory receptors are innervated by branches of the ALLN, MLLN, 
and PLLN. Primary afferent input is conveyed by these nerves to the 
medullary medial octavolateralis nucleus (MON). 
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Several lines of evidence suggest that the electrosensory system of the 
cathsh evolved from the related mechanosensory lateral line system in some 
characid-like ancestor (McCormick, 1983; Bullock et al, 1982, 1983; Finger et al, 
1986; see figure 2). Both the electrosensory and mechanosensory receptors are 
similarly distributed over the body surface of the fish (Herrick, 1901; Peters et 
al, 1972). Electroreceptors and mechanoreceptors also share significant 
morphological traits (Zakon 1986; J0rgensen, 1989). In addition, both 
electrosensory and mechanosensory receptors are innervated by the same 
branches of the lateral line nerves (see figure 4) and the cell bodies of these 
bipolar nerve cells are found in the same ganglion (Finger, 1986; see figure 5). 
Mechanoreceptors are actually the receptors most sensitive to electrical 
stimulation in non-electroreceptive teleosts (Regnart, 1931). Evidence in 
catfish also indicates that both electroreceptors and mechanoreceptors 
develop from the same migratory epidermal placodes (Northcutt, 1987). The 
transition from mechanoreceptor to electroreceptor may have involved only 
minor changes and catfish electroreceptors can probably be considered as 
modified mechanoreceptors (Bodznick, 1989). 
The phylogenetic distribution of electroreception and the central 
organization of the primary lateral line nuclei across the various taxa suggest 
that an original mechanosensory nucleus in the primitive catfish or in some 
characid ancestor gave rise to both the MON and the ELLL (Finger et al, 1986; 
Bodznick, 1989; see figure 2 and 3). The phylogenetic relationship of the 
electrosensory system to the mechanosensory system in general, and the ELLL 
to the MON in particular provides a unique model with which to answer 
fundamental questions about the evolution of sensory systems in vertebrates. 
6 
In catfish, afferent fibers from the lateral line nerves project to and 
[errninate within various nuclei in the medulla of the brain (for review, see 
Finger, 1986; see figure 6). Electrosensory fibers terminate in the ELLL 
whereas mechanosensory fibers terminate in the adjacent MON and the 
caudal octavolateralis nucleus (CON). Fibers from both sensory receptors also 
terminate in separate regions of the eminentia granularis (EG) of the 
cerebellum (Tong and Finger, 1983; Finger and Tong, 1984). Some primary 
afferent nerve fibers also project into nuclei of the descending octaval 
column, which primarily receives octaval nerve input (Finger and Tong, 
1984). There are also efferent projections, carried by the lateral line nerves, 
from efferent octavolateralis nuclei onto mechanoreceptors in the periphery 
(Finger and Tong, 1984). Electroreceptors lack any such efferent innervation 
(Roberts and Meredith, 1989). 
Previous Work and the Purpose of this Study 
To date, there have been only three experimental descriptions of the 
internal organization of the ELLL, MON, and EG in the catfish brain, by 
Finger and Tong (Tong and Finger, 1983; Finger and Tong, 1984) and 
Andrianov and Volkova (1981). In both gymnotiforms and mormyriformes 
there have been several descriptions of lateral line nerve projections in the 
ELLL (for reviews, see Carr and Maler, 1986 and Bell and Szabo, 1986). Among 
the non-electroreceptive fish, Song and Northcutt (1991) have conducted 
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studies of lateral line nerve projections in the gar, Puzdrowski (1989) in the 
L'.uldfr,h, Meredith (1984) in Astronotus (oscars), and Bhibaum-Gronau and 
V 
Munz (1987) in Pantodon (butterfly fish). 
In this study, we have determined the organization of primary afferent 
ALLN projections into the electrosensory and mechanosensory nuclei of the 
catfish. By labeling three branches of the ALLN, one that innervates receptors 
along the dorsal surface of the head, one along the ventral surface and the 
other that innervates receptors between these two surfaces, we have 
determined whether a dorso-ventral topographic representation of ALLN 
branches is maintained in these nuclei. In addition, we describe the 
organization and cytoarchitecture of the efferent nuclei in the catfish that was 
briefly discussed by Finger and Tong (1984). Organizational differences and 
similarities in these nuclei should be a reflection of the phylogenetic origins 
of the electrosensory and mechanosensory systems in the catfish. Similarities 
that are found may be a reflection of the common origin shared by these two 
systems. Differences may be a result of having to process fundamentally 
different stimuli. 
CHAPTER II 
REVIEW OF LITERATURE 
Peripheral Anatomy of the Catfish 
Lateral Line System 
Mechanosensory neuromasts are found either within fluid filled canals 
(canal neuromasts) or distributed around these canals (superficial 
neuromasts) on the surface of the skin (Coombs et al, 1989). Electroreceptors, 
the ampullary organs, are distributed over the entire body surface of the skin 
except for the barbels (Finger, 1986). According to Herrick (1901) and Peters et 
al (1972) the electroreceptors tend to aggregate around the lateral line canals 
and their density decreases with increasing distance from the canals. 
There are four main canals on the head of the catfish, one on the 
trunk, and one commissural canal that lies on the dorsum of the head 
(Herrick, 1901). The supraorbital canal lies most dorsally on the head of the 
catfish, courses just dorsal to the eye, and extends rostrally to the nares. The 
infraorbital canal course ventral to the eye and extends rostrally just past the 
nares. The mandibular canal is located most ventrally on the catfish head. 
Initially it travels just rostral to the opercular cavity and then turns rostrally 
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to course along the mandibula. Most neuromasts are located in the rostrally 
, 1 i rt·ctcd oortion of this canal. These three canals form the dorso-ventral axis -~-- ~ 
on the head of the catfish (see figure 7). 
The otic canal is the most caudally situated and smallest of the head 
canals. It forms the bridge between the canals of the head and the main trunk 
canal that runs along the trunk of the fish. The supratemporal commissure 
canal runs on the dorsal surface of the head to connect the main trunk canals 
on either side of the fish. The three main head canals and the one trunk 
canal form the rostral-caudal axis on the fish body surface. 
Innervation and Projections of the 
Lateral Line Nerves 
Both electroreceptors and mechanoreceptors form chemical synapses 
onto the peripheral processes of bipolar neurons of the anterior, medial, and 
posterior lateral line nerves (for review, see Finger, 1986). Branches of these 
lateral line nerves innervate canal and superficial neuromasts, as well as 
ampullary electroreceptors. The lateral line nerves are therefore mixed 
nerves, conveying electrosensory and mechanosensory information. In 
addition they carry an efferent component from efferent lateral line nuclei 
onto mechanoreceptors (Finger and Tong, 1984). 
Branches of the ALLN innervate receptors on the head of the catfish 
(Herrick, 1901). The superficial ophthalmic, buccal, and otic branches 
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innervate those receptors associated with the supraorbital, infraorbital, and 
otic canals respectively. The cell bodies of these nerve branches form the 
dorsal ALLN ganglion ( dALLN; see figure 4). The hyomandibular branch 
innervates receptors associated with the mandibular canal and its cell bodies 
form an independent ganglion, the ventral ALLN ganglion (vALLN). 
Branches of the MLLN innervate receptors associated with the rostral most 
portion of the trunk canal while the PLLN innervates the bulk of the trunk 
canal associated electrosensory and mechanosensory receptors. These nerves 
have ganglia that are independent of either of the ALLN ganglia. The MLLN 
and PLLN ganglia located rostral to the vagus nerve ganglion. The cell bodies 
of the ALLN ganglia are located in a fused ganglion called the anterior 
ganglion (see figure 5). This ganglion is an amalgamation of the trigeminal, 
facial, dALLN, and vALLN ganglia. The dALLN ganglion is situated 
dorsoventral to the principle trigeminal nerve ganglion whereas the v ALLN 
ganglion lies ventral to the trigeminal nerve ganglion and dorsal to the facial 
nerve ganglion (Herrick, 1901). 
Although there are two ALLN ganglia peripherally, the entire nerve 
enters as a single root into the lateral wall of the alar medulla (Tong and 
Finger, 1983). Within the medulla this root bifurcates into lateral and medial 
portions which project to adjacent but distinct electrosensory and 
mechanosensory nuclei, respectively. Some of these fibers also course along 
the ventral surface of the medullary electrosensory and mechanosensory 
nuclei. At the rostral edge of the nuclei where these fibers turn dorsally and 
project to the vestibulolateral cerebellum. Projections of the medial and 
posterior lateral line nerves are considered elsewhere (see Tong and Finger, 
1983). 
Central Organization of the Lateral 
Line Nuclei in the Medulla 
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Primary mechanosensory and electrosensory input and primary 
octaval nerve input terminates within three columns in the medulla that are 
collectively called the octavolateralis area (for review, see Finger, 1986; see 
figure 6 and 8). Electrosensory input is conveyed to a dorsolateral 
electrosensory column that consists of a single nucleus: the ELLL. 
Mechanosensory input projects to a medially adjacent mechanosensory 
column that consists of both the MON and a smaller caudal octavolateralis 
nucleus (CON). The most medioventrally located column consists of four 
nuclei that receive octaval nerve input (see Finger and Tong, 1984). 
The ELLL and MON both have a similar cytoarchitecture consisting of 
four layers (for review, see Finger, 1986; see figure 9). The dorsal portions of 
these nuclei consist of a molecular layer that is continuous with the 
molecular layer of the caudal cerebellum. Just ventral to this layer is a layer 
of large crest cells. Below this is the intermediate layer of fibers and cells that 
receive the primary afferent input from the lateral line nerves. The deep 
layer of round cells is located most ventrally. These layers are continuous 
along the mediolateral boundary of the ELLL and the MON although nuclear 
boundaries can be distinguished based on differential densities of cells and 
fibers in the two nuclei. 
Central Organization of the Lateral Line Nuclei 
in the Vestibulolateral Cerebellum 
12 
The caudal lobe of the cerebellum and the eminentia granularis (EG) 
comprise the two divisions of the vestibulolateral cerebellum that is the 
transition zone between the dorsal medulla and the corpus of the cerebellum 
(Bass, 1982; Finger and Tong, 1984). The cellular layers of the medullary 
lateral line nuclei are contiguous with the vestibulolateral cerebellum and 
comprise the EG. The molecular layer of the caudal lobe of the cerebellum is 
continuous with the molecular layers of the medullary lateral line nuclei. 
The EG itself consists of small deeply-staining cells, and can be 
subdivided into anterior, posterior, medial, and profundus subdivisions (EGa, 
EGp, EGm, and EGpr respectively; for review, see Finger, 1986; see figure 6 and 
8). The EGm is located most caudally and is not continuous with the EGa or 
EGp that are located more rostrolaterally. The EGpr is located ventromedial 
to the EGa. The boundary between the EGa, EGp, and EGpr can be 
distinguished on the basis of cell density and staining characteristic. The EGp, 
which is situated along the lateral edge of the cerebellum, has a somewhat 
higher density of cells and stains more lightly with a Nissil stain. The EGa is 
located just medial to the EGp and has more fibers coursing within the nuclei; 
therefore, the EGa stains more heavily with a Nissil stain. In addition, the 
cell density is lower in this nucleus. The density of cells in the EGpr is much 
like that in the corpus of the cerebellum but the staining is lighter in the EGpr 
than in the corpus. The EGa and EGpr receive mechanosensory input; the 
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EGp presumably receives electrosensory input; while the EGm receives 
uctaval nerve input (Tong and Finger, 1983; Finger and Tong, 1984). 
Central Organization of the Efferent 
Octavolateralis Nuclei 
The ALLN contains efferent as well as afferent nerve fibers (Finger and 
Tong, 1984). The retrogradely labeled cell bodies of these efferent fibers are 
located in three efferent nuclei, the caudal, rostral, and diencephalic efferent 
octavolateralis nuclei (cOEN, rOEN, and dOEN respectively). The cOEN and 
rOEN are located dorsomedial to the facial nerve motor nucleus in the 
medulla while the dOEN is located in the ventral diencephalon (see figure 6). 
CHAPTER III 
MATERIALS AND METHODS 
Animals Used 
Channel catfish (Ictalurus punctatus) were obtained from a local 
commercial distributor and maintained in aquaria that were housed in a 
temperature controlled room. A total of 10 animals were used in the present 
study to obtain data. The head to tail length of these fish ranged from 17-20 
cm, and the mass ranged from 27-70 gm. Animal use and care conformed to 
guidelines accepted by the Loyola University Institutional Animal Care and 
Use Committee (IACUC). 
Surgical Procedures and Horseradish 
Peroxidase Application 
The ALLN of the catfish has four principle branches: the superficial 
ophthalmic, the buccal, the hyomandibular, and a smaller otic branch (see 
14 
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figure 4; Herrick, 1901; Finger, 1983). Based upon preliminary dissections of 
preserved catfish, the superficial ophthalmic and buccal branches were found 
to course along the orbit of the eye and so during surgery were most readily 
approached following enucleation. The hyomandibular branch was most 
readily exposed just rostral to the opercular cavity and after it exits its 
foramen in the skull. The smallest of the four main branches of the ALLN, 
the otic branch was not labeled because of its small size and because it 
innervates very few peripheral receptors. 
In order to trace the projections of the three principal branches of the 
ALLN standard horseradish peroxidase (HRP) histochemical techniques were 
employed (Mesulam, 1982). Prior to surgery, the animals were anesthetized 
with an approximately 0.010% tricane methanesulfonate solution (MS-222). 
During surgery the fish's gills and skin were kept moist with a dampened 
cheesecloth. In each animal, one of the three nerve branches of the ALLN 
was exposed and transected. A gelfoam pledget (Upjohn) soaked in a 
horseradish peroxidase (Sigma VI) solution in phosphate buffer (0.1 M, pH 
7.4) was then applied to the proximal stump of the transected nerve. A dry 
gelfoam pledget was then placed over and around the horseradish peroxidase 
soaked gelfoam. The wound was then sealed with dental acrylic and covered 
with cyanoacrylate glue. Post-surgically, the animal was revived by a 
continual flow of water over its gills until ventilation was resumed; at which 
point it was released into its aquaria. 
Of the ten animals that were employed in this study, in three cases the 
hyomandibular nerve branch was labeled with horseradish peroxidase, in two 
the superficial ophthalmic branch, and in three the buccal branch was labeled. 
After determining that there were no contralateral afferent projections of 
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ALLN fibers in preliminary cases, surgery was performed in two animals on 
two different nerve branches, one on either side of the head. In both of these 
cases, on one side the hyomandibular branch was labeled, and on the other 
side the superficial ophthalmic branch was labeled. There were also ten cases 
from which data was not used. In these cases, either the transport time for 
the horseradish peroxidase was insufficient to reach the central nuclei or the 
concentration of horseradish peroxidase was too low to allow for effective 
visualization. In addition, a set of Bodian-stained transverse serial sections 
(15µ thick) of a catfish brain was employed as a general reference series and to 
delineate nuclear boundaries and their central organization. 
Tissue Processing and Histology 
Survival times following surgery were 12-14 days varying with the 
proximity of the transection site and on the size of the animal. After 
sufficient transport time for the horseradish peroxidase, the animals were 
heavily reanesthetized (0.020% MS-222 solution) and then transcardially 
perfused with cold phosphate buffer (0.1 M, pH 7.4), followed by 4% 
glutaraldehyde in phosphate buffer. Following perfusion, the brain was 
removed and postfixed in a 4% glutaraldehyde, 20% sucrose-phosphate buffer 
solution for 5-8 hours and then stored in a 20% sucrose-phosphate buffer 
solution overnight. 
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After postfixation, the meninges covering the brain were removed and 
the brain embedded in a 15°/'., gelatin, 20% sucrose solution. The gelatin 
blocked brain was then fixed in a 4% glutaraldehyde, 20% sucrose-phosphate 
buffer solution for 3-4 hours and stored in a 20% sucrose-phosphate buffer 
solution. The brain was sectioned in the transverse plane on a freezing 
microtome at 34µm. The resulting sections were collected in phosphate 
buffer and then processed by the Hanker-Yates protocol for horseradish 
peroxidase visualization (Hanker et al, 1977). The resulting sections were 
mounted onto chrome-alum subbed slides and counterstained with cresyl-
violet to highlight anatomical landmarks in various sections of the brain 
tissue. Camera lucida drawings of relevant sections were made using an 
Olympus light microscope. The drawings revealed the projection patterns 




Topography of ALLN Projections in the ELLL 
Fibers of the principle branches of the ALLN enter the ELLL along the 
medioventral edge (see figures 10 and 15). Within the nucleus nerve fibers 
and their terminal fields are located in the ventral half and medial third of 
the nucleus. However, at the rostral most extent of the nucleus, nerve fibers 
and terminals extend more dorsally in the nucleus. Terminal fields are 
distinguished from nerve fibers by their morphology. Terminals are 
characterized by small, curved dendritic processes as they form synapses with 
neurons in the ELLL. 
The terminal fields of the superficial ophthalmic, buccal, and 
hyomandibular branches of the ALLN show a distinct topographic 
organization in the ELLL (see figure 10). The terminal fields of the superficial 
ophthalmic branch are located laterally within the nucleus compared to the 
terminals of the other two ALLN branches. They extend to the midline along 
the nucleus's mediolateral axis. Superficial ophthalmic branch terminals are 
located in the rostral portion of the nucleus and extend more dorsally into the 
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nucleus than do terminals in the caudal portion of the nucleus. Terminal 
fields of the buccal nerve branch are located medial to the adjacent superficial 
ophthalmic nerve branch terminal fields. Terminals of the buccal nerve 
branch are also located more ventrally in the ELLL then those of the other 
two nerve branches. The terminal fields of the hyomandibular nerve branch 
are situated medial to the buccal branch terminal fields and along the lateral 
edge of the nucleus. 
In the ELLL there is some overlap of the terminal fields among these 
ALLN branches (see figure 10). The overlap is limited to a small portion of 
the total area of the terminal fields. Some terminals of the buccal nerve 
branch overlap with those of the hyomandibular nerve branch terminal 
fields. The hyomandibular and buccal branches of the ALLN innervate 
receptors situated in adjacent regions of the skin surface (Herrick, 1901) and so 
the overlap of the terminal fields may be due to the overlap of receptors 
innervated in the periphery. Throughout the rostrolcaudal extent of the 
nucleus there is no overlap among the terminal fields of the superficial 
ophthalmic and hyomandibular nerve branches that innervate receptors in 
non-adjacent regions of the skin. In addition, there is no apparent overlap of 
the terminal fields of the buccal and superficial ophthalmic branches of the 
ALLN. 
The superficial ophthalmic nerve branch innervates receptors located 
most dorsally on the head while the hyomandibular nerve branch innervates 
the most ventral receptors. The buccal branch being located intermediate 
between the other two nerves (see figure 7). This forms a dorsoventral 
distribution of nerve branches on the catfish's head that is maintained 
centrally by the representation of terminal fields along the ELLL's 
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mediolateral axis. The dorsal portion of the head is represented in the lateral 
portion of the ALLN terminal field area, while the ventral portion of the 
head is represented most medially in the nucleus. 
Topography of ALLN Projections in the MON 
Fibers of the principle branches of the ALLN enter the MON along the 
ventral edge of the nucleus (see figures 11 and 16). Fibers and terminal fields 
are limited to the ventromedial portion of the nucleus. Some of the fibers 
that course along the medial edge of the nucleus are fibers projecting into the 
medially adjacent descending octavolateralis nucleus. 
The topographic relationship of the terminal fields of the principle 
ALLN branches is quite distinct in the MON. Fibers of the superficial 
ophthalmic nerve branch terminate along the medial edge of the nucleus. 
Buccal branch terminal fields are located lateral to those of the adjacent 
superficial ophthalmic nerve branch terminal fields. Buccal branch terminal 
fields, for the greater extent of the nucleus, are also located somewhat more 
dorsally then those of the other two nerve branches. Terminal fields of the 
hyomandibular nerve branch are situated most laterally compared to the 
terminal fields of the other two nerve branches. They extend to the nucleus's 
mediolateral axis midline in the caudal portion of the nucleus. However, as 
the nuclear boundary is reduced at the rostral portion of the nucleus, the 
terminal fields are located closer to the lateral edge of the nucleus. At caudal 
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levels of the nucleus there is some overlap of terminals of the superficial 
ophtnaln1ic and buccal nerve branches. However at other levels of the 
nucleus, the separation of terminals of the three nerve branches is distinct. 
The terminal fields of the superficial ophthalmic, buccal, and 
hyomandibular nerve branches, representing the dorsoventral axis on the 
head of the catfish, are topographically organized in the MON (see figure 11). 
The superficial ophthalmic nerve branch fibers, which innervate the dorsal 
aspects of the head, are represented most medially in the nucleus, while the 
hyomandibular nerve branch fibers, which innervate the ventral aspects of 
the head, terminate in the lateral region of the ALLN terminal field area. 
Topography of ALLN Projections in the 
Eminentia Granularis 
Fibers of the ALLN that are presumably electrosensory and 
mechanosensory enter the EGp and EGa, respectively, along the ventral edges 
of the two nuclei (see figure 12). Terminal fields are limited to the ventral 
half of the nuclei although fibers in the EGa extend into the dorsal regions of 
this nucleus. Fibers and terminals are distributed throughout the 
mediolateral extent of the two nuclei. A few fibers project from the 
mediodorsal EGa into the corpus of the cerebellum where they form sparse 
and limited terminal fields. 
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Within the EGp the terminal fields of the principal branches of the 
ALLN are topographically arranged (see figure 12). Terminal fields of the 
superficial ophthalmic nerve branch are located medial and ventral to the 
terminal fields of the buccal and hyomandibular nerve branches. The 
terminal fields of the buccal branch are located most dorsally in the EGp and 
are situated centrally within the nucleus. The terminal fields of the 
hyomandibular nerve branch are located ventrolateral to those of the buccal 
nerve branch, although they extend throughout the greater portion of the 
nucleus's mediolateral axis. In relation to the superficial ophthalmic 
terminal fields and within the region of ALLN terminal fields, the 
hyomandibular nerve branch terminal fields are situated more dorsolaterally. 
In the EGa there is also a distinct separation of the terminal fields of the 
principle ALLN branches (see figure 12). In this nucleus, terminal fields of 
the superficial ophthalmic nerve branch are located more medially then 
those of the other two nerve branches. The terminal fields of the buccal 
nerve branch are situated most dorsolaterally in the EGa. Terminal fields of 
the hyomandibular nerve branch are located in the ventrolateral portion of 
the nucleus except at the rostral extent of the nucleus where they are slightly 
more dorsally situated. Along the rostrocaudal axis of both the EGa and EGp 
the location of each of the nerve branch terminal fields does not significantly 
shift in reference to either the nuclear boundaries or the terminal field of the 
other nerve branches. 
In both the EGa and EGp, there does not appear to be a significant 
overlap of the terminal fields among the various nerve branches. In both 
nuclei there is no overlap among the terminal fields of the superficial 
ophthalmic and hyomandibular nerve branches, but there is a slight overlap 
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of terminals between the hyomandibular and buccal nerve branches in the 
EGp. However this is limited to the caudal most portions of the EGp, and for 
the majority of the nucleus's rostrocaudal extent there is no such overlap. 
Retrogradely Labeled Cells in the Octavolateralis 
Efferent Nuclei 
Application of HRP to the principle ALLN nerve branches resulted in 
retrograde labeling of cells in the basal medulla and diencephalon of the 
catfish brain (see figures 13 and 17). Labeled cells were primarily limited to 
the rostral OEN (rOEN) and diencephalic OEN (dOEN) but a few cells were 
also labeled in the rostral portion of the caudal OEN (cOEN). The rOEN and 
cOEN are situated dorsomedial to the branchomeric motor column while the 
dOEN is in the forebrain. The rOEN is located below the fourth ventricle, 
medial and dorsal to the facial motor nucleus, at the level of the medial 
longitudinal fasciculus. The cOEN is located just after a cellular discontinuity 
between the rOEN, and beyond the caudal terminus of the facial motor 
nucleus. These two nuclei form bilaterally symmetrical columns, the 
rostrocaudal extent of which is greater for the cOEN then for the rOEN or 
dOEN. In addition some of the cells of the rOEN are situated around the 
Mauthner cell axon, the cell body of the which is located rostral to the rOEN. 
The dOEN is located in the ventral diencephalon below the fourth ventricle 
and at the rostral level of the anterior ganglion. Cells on one side of the brain 
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are not continuous with those cells on the other side of the nucleus as in the 
,,( ll.,'-\1 and rOEN. Labeled cells in the dOEN are restricted to the iosilateral 
~......... - • .i. 
portion of the nucleus. 
The cells in these nuclei are approximately 25µm m size and 
multipolar in shape. Generally the cells tend to be smaller at either the 
rostral or caudal portion of the nuclei and larger within the central regions of 
the nuclei. The axons of these cells course ventrolaterally, and those of the 
rOEN remain distinct from the axons of the facial motor nucleus efferent 
cells. In order to avoid duplication in the representation of both labeled and 
unlabeled cells, only those cells in which the nucleolus was visible were used 
at any one level. 
Within the rOEN there does not seem to be a distinct topographic 
representation of the principle branches of the ALLN (see figure 13). 
However, there is some segregation of labeled cells in this nucleus. Some of 
the labeled cells of the superficial ophthalmic and hyomandibular nerve 
branches extend into the contralateral portion of the rOEN. However, the 
cells of the hyomandibular branch do not extend as far laterally into the 
contralateral portion of the nucleus as those of the superficial ophthalmic 
branch. In addition, efferent cells of the buccal branch are found more 




The terminal fields within the medullary and cerebellar lateral line 
nuclei form topographic representations of the principle branches of the 
ALLN in the catfish. Within the ELLL a dorsoventral topography of the head 
is present along the mediolateral axis of the nucleus. In the MON a similar 
topography of the head along the dorsoventral axis is present, but as a mirror 
image of the topography in the ELLL (see figure 14). The terminal fields of the 
ventrally located hyomandibular nerve branch are located just proximal to 
the mediolateral boundary across the two nuclei. The dorsally located 
superficial ophthalmic nerve branch is represented farthest from the 
boundary. The branch that lies between the superficial ophthalmic and 
hyomandibular, the buccal branch, possesses terminal fields that are located 
in-between the terminal fields of the other two nerve branches. There is also 
a topographic representation of terminal fields in the EGa and EGp in the 
cerebellum of the catfish. In the EGa and EGp, the segregation of terminal 
fields is distinct and what overlap that does exist is limited to the terminal 
fields of the closely situated buccal and hyomandibular nerve branches._ 
There are also efferent nuclei that are retrogradely labeled in the medulla and 
diencephalon of the catfish brain. 
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Topographic Representation in the ELLL 
Tong and Finger (1983; Finger and Tong, 1984), and Andrianov and 
Volkova (1981) have previously demonstrated the presence of a rough 
rostrocaudal topography of the catfish's body in the ELLL. Tong and Finger 
labeled the entire ALLN and PLLN and found that fibers from these nerves 
project to distinct areas in the ELLL. Fibers from the ALLN were located in 
the medial portion of the nucleus, while fibers from the PLLN were located in 
the lateral regions of the ELLL. We demonstrate the presence of a 
dorsoventral topography in the ELLL after labeling individual branches of the 
ALLN. The regions of ALLN fiber projections into the ELLL conform with 
those demonstrated by Tong and Finger (1983; Finger and Tong, 1984), 
however Andrianov and Volkova (1981) report contralateral projections into 
the ELLL that are not present in either our findings or those reported by Tong 
and Finger. 
Among the electroreceptive teleosts there have been several reports on 
the internal organization of the ELLL (for reviews, see Carr and Maler, 1986; 
Bell and Szabo, 1986, Bell, 1986; and Braford, 1986). In gymnotiforms, the 
other taxon of electroreceptive ostariophysians (see figure 2), Carr et al (1982) 
have shown the presence of both rostrocaudal and dorsoventral topographies 
of lateral line nerve branches in the ELLL. In these fish, there are actually 
four separate maps of the body surface in the ELLL. The most medially 
situated area, which lies adjacent to the MON, is of the nerve input from 
ampullary electroreceptors in the periphery. This map is oriented so that the 
dorsal surface of the fish is just adjacent to the MON and ELLL nuclear 
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boundary, while the ventral portion of the fish is represented more laterally. 
TlK rn:-itrocaudal axis of the fish is represented along the rostrocaudal axis of 
the nucleus. The three other maps receive input from tuberous 
electroreceptors and are located lateral to the map of the ampullary 
electroreceptors. In addition, all maps are oriented in a mirror image fashion 
with respect to each other, with the ventral and dorsal surfaces directly 
opposed in a back-to-back, belly-to-belly fashion. These map orientations 
have also been demonstrated by physiological means (Heiligenberg and Dye, 
1982, Shumway, 1989). 
The Osteoglossomorphs include the other electroreceptive teleosts, the 
Xenomystinae and Mormyriformes (see figure 2). In the Xenomystinae, 
which have only ampullary organs, there is a rough rostrocaudal topography 
in the ELLL among the ALLN and PLLN fibers; head and trunk regions are 
represented in different portions of the nucleus (Bell and Russell, 1978; 
Braford, 1986). There are no available reports on the dorsoventral topography 
in these fish. The mormyriforms, possess both ampullary and tuberous types 
of electroreceptors. Within the ELLL of these fish there are also topographic 
maps formed by afferent fiber projections of the lateral line nerves (for 
review, see Bell and Szabo, 1986). The ELLL of mormyrids has a nuclear and 
cortical structure. The ELLL forms a cup shape resting on the medulla, the 
nucleus is located on the inside of the cup and the cortex is the cup itself. The 
map of ampullary electroreceptors lies most proximal to the MON nuclear 
boundary in the cortex of the ELLL. Two other maps lie in the cortex and 
represent mormyromast electroreceptors (high-frequency tuberous 
electroreceptors). The fourth map of Knollenorgans (high-frequency tuberous 
electroreceptors used in intraspecific communication) is less precise and is 
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found in the nucleus of the ELLL. The two mormyromast maps and the one 
nuclear map are inverted with respect to each other in a mirror image 
fashion similar to the ELLL maps in the gymnotiforms. The ampt.illary 
electroreceptor map is not represented as a mirror image of its nearest cortical 
tuberous electroreceptor map. 
Thus in those electrosensory teleosts for which data is available both 
the rostrocaudal and dorsoventral axes are represented topographically in the 
ELLL. Among vertebrates possessing the primitive form of electroreception, 
topographic representation of ALLN branches in the DON has been 
demonstrated. In sharks, skates (Bodznick and Schmidt, 1984), ratfish 
(Bodznick and Boord, 1986), and sturgeons (Northcutt, 1986) groups of 
electroreceptors on the head are topographically represented in the DON. In 
the sharks and skates, for example, groups of receptors on the head are 
innervated by different branches of the ALLN, and these branches terminate 
in distinct regions of the DON. 
Topographic Representation in the MON 
Tong and Finger (1983; Finger and Tong, 1984) have demonstrated the 
presence of a rough rostrocaudal topography in the MON. They have 
demonstrated a segregation of ALLN and PLLN fibers from the head and the 
trunk within the MON. In the present study we see a clear segregation of the 
terminal fields in the MON of individual ALLN branches along the 
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dorsoventral axis the catfish head. The area that ALLN fibers occupy in the 
MON based on our results are comparable to those reported by Tong and 
Finger. Andrianov and Volkova (1981) do not delineate the boundaries of 
the MON, so it is difficult to assess their results in comparison to our own. 
However, they do report projections to the contralateral MON, which are not 
indicated in our findings or those of Tong and Finger (1983; Finger and Tong, 
1984). 
Among several other fishes there is a rough rostrocaudal topography of 
the body and trunk, innervated by the ALLN and PLLN, in the MON. 
Among the teleosts, the catfish (Tong and Finger, 1983; Finger and Tong, 
1984), goldfish (Puzdrowski, 1989), gymnotids (Carr et al, 1982), mormyrids 
(Bell and Russell, 1978), Xenomystinae (Braford, 1986), Pantodon (Bliibaum-
Gronau and Munz, 1987), and Astronotus (Meredith, 1984), all show a 
segregation of ALLN and PLLN afferent fibers in the MON, reflecting a rough 
rostrocaudal topography. Among the non-teleosts, the gar (Song and 
Northcutt, 1991), bowfin (McCormick, 1981), sturgeon (New and Northcutt, 
1984), clearnose skate (Barry, 1987), and several anurans (Fritzsch et al, 1984) 
also have a similar topographic representation in the MON. 
However, demonstrations of a distinct dorsoventral topography in the 
MON are more limited. In the gar, a holostean, Song and Northcutt (1989) 
report that there is significant overlap of ALLN branch terminal fields in the 
MON. Song and Northcutt also report a crude dorsoventral topography 
among branches of the PLLN that innervate the dorsal and lateral trunk lines. 
Puzdrowski (1989) reports that there is no topography of ALLN and PLLN 
projections in the MON of the goldfish. However, our studies in the catfish 
indicate that in the MON there is a distinct topographic representation of 
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ALLN branches along the dorsoventral axis of the head. Currently, the only 
utber Jcmonstration of a dorsoventral topography in the MON is that in 
Pantodon (Bliibaum-Gronau and Munz, 1987). In this study the superficial 
ophthalmic and hyomandibular branches of the ALLN and the PLLN were 
labeled and shown to project to distinct regions of the MON. In the MON of 
Astronotus, Meredith (1984) reports a crude topography among the terminal 
fields of the superficial ophthalmic and hyomandibular branches, but a 
significant overlap of the buccal branch terminals with the terminal fields of 
the other ALLN branches. 
Comparisons of Topography in the ELLL and MON. 
In the ELLL the mediolateral orientation of the hyomandibular, buccal, 
and superficial ophthalmic nerve branch terminal fields is reversed 
compared to the terminal fields in the MON (see figure 14). The terminals of 
the hyomandibular nerve branch are situated most medially in the ELLL but 
most laterally in the MON. On the other hand, terminal fields of the 
superficial ophthalmic nerve branch are located laterally in the ALLN 
terminal field area of the ELLL but most medially in the MON. Buccal branch 
terminal fields occupy the zone in between the terminal fields of the 
superficial ophthalmic and hyomandibular nerve branches. The topographic 
representation of the terminal fields of the principle ALLN branches forms a 
reverse or "mirror image" along the mediolateral boundary of the ELLL and 
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MON. Along the border of the two nuclei, the terminal fields of the 
hyomandibular nerve branch are located closest to each other, while those of 
the superficial ophthalmic nerve branch are located farther from each other. 
Along the rostrocaudal axis of the fish's body the orientation of the 
terminal fields is similarly represented in both nuclei. The rostral portion of 
the fish is represented in the dorsal portions of both nuclei, although more 
medioventrally in the ELLL. The caudal regions of the fish's body, based on 
PLLN projections (Tong and Finger, 1983), are represented in the lateral areas 
of the ELLL but more dorsolaterally in the MON. The orientation of the 
topographic maps across the mediolateral boundary is symmetrically 
represented in these two nuclei. 
Topography Within the Eminentia Granularis 
There is a segregation of the terminal fields of the principle ALLN 
branches in the EGa and EGp of the cerebellum. The orientation of the 
terminal fields is not linear in either the EGa or EGp, but there is a definite 
segregation in the representation of the head's dorsal and ventral aspects. 
Tong and Finger (1983) have already demonstrated, by anatomical means, the 
presence of rostrocaudal topography in the EGa and EGp. 
There are reports of afferent lateral line input into the EG of 
chondricthyan (Bodznick and Boord, 1986) and chondrostean (New and 
Northcutt, 1984) fishes. Among the electroreceptive teleosts only the catfish 
32 
and Xenomystinae (Braford, 1986) have primary electrosensory afferent fibers 
thal terminate in the EC. Fibers into the EG are considered electroreceptive 
primarily due to the distinct course of the lateral line nerve roots into the EG 
(Tong and Finger, 1983). However, physiological studies would need to 
confirm their electroreceptive nature. The gymnotiforms and mormyriforms 
do not have primary afferent electroreceptive input within the EGp (Carr and 
Maler, 1986; Bell and Szabo, 1986). 
Our observations of the mechanosensory input into the EG are 
supported by similar reports along virtually the entire taxa of 
mechanoreceptive fishes and amphibians (Meredith, 1984; Tong and Finger, 
1983; New and Northcutt, 1984; Puzdrowski, 1989; Fritzsch et al, 1984). Finger 
and Tong (1984) also report the presence of a small group of fibers, coursing 
through the medial EGa, in the corpus of the cerebellum just adjacent to the 
boundary between the EGa and corpus. We confirm their observations. We 
see fibers as well as sparse terminal fields within the corpus of the cerebellum. 
Reports of primary afferent input into the corpus of the cerebellum in other 
species are more limited. The corpus of the cerebellum of sturgeons (New 
and Northcutt, 1984), goldfish (Puzdrowski,1989), and Astronotus (Meredith, 
1984) have been shown to receive primary lateral line afferent input. 
Organization of the Octavolateralis 
Efferent Nuclei 
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The retrogradely labeled cells in the rOEN are not organized in a 
recognizable topographic pattern within the nucleus. However, there is some 
segregation among the labelled cells of the principle ALLN branches. A few 
of the labeled cells for each nerve branch are found in a region not occupied 
by labeled cells of the other two nerve branches. The fact that the superficial 
ophthalmic and the hyomandibular nerve branches innervate receptors 
closer to the midline of the head compared to the buccal branches, may 
explain why contralaterally labelled efferent neurons are observed in greater 
number in these cases. In the toadfish, eel, and some anurans there appears 
to be a rostrocaudal topography within the OEN in that cells that supply 
receptors on the head are located rostrally and cells that supply receptors on 
the trunk are located caudally in the nucleus (for review see Roberts and 
Meredith, 1989). In the catfish, a few cells from the ALLN were labeled in the 
rostral most portion of the cOEN. Since only a few cells were labeled in the 
cOEN, it is possible that PLLN efferent cells may be primarily restricted to the 
cOEN thus forming the basis for a rostrocaudal topography among the 
efferent nuclei. Finger and Tong (1984) do not distinguish between the rOEN 
and cOEN, collectively calling the nuclei the OEN, and so conclusions about 
rostrocaudal topography must necessarily be restricted at this point. 
The OEN is present among many of the jawed vertebrates, but is 
lacking in the jawless vertebrates (for review, see Roberts and Meredith, 1984). 
The nucleus is present in chondricthyians, most of the teleosts thus far 
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examined (the goldfish, dogfish, eels, toadfish, gymnotiforms, and 
inorrnyn.iorms), as well as anuran amphibians. However the location and 
segregation of the OEN into subdivisions vary among these groups. In 
elasmobranchs and anurans the nucleus is divided along the midline and is 
located more laterally than it is in teleosts. Among most of the non-teleosts 
the OEN generally occurs as a single group of cells across the midline, 
however in some teleosts and anurans the OEN has two or three 
subdivisions. In cichlids and some anurans there are two OEN nuclear 
subdivisions: the rOEN and cOEN. Some teleosts, including catfish, goldfish, 
and zebrafish have a third efferent nucleus located in the ventral 
diencephalon. Puzdrowski (1989) has also reported the presence of a 
diencephalic OEN in the catfish. 
Origins of the ELLL in Teleosts 
The similarities in the organization of the ELLL among the 
electroreceptive teleosts are striking. In the catfish, gymnotiforms and 
mormyriforms there are topographic maps of the electrosensory periphery in 
the ELLL. The ampullary maps in these animals lie adjacent to the boundary 
between the MON and ELLL (Carr and Maler, 1986; Bell and Szabo, 1986). In 
the catfish, the organization of the terminal fields in the MON is a mirror 
image of that in the ELLL (see figure 14). There have been no studies of the 
topography in the MON in other electroreceptive teleosts. However, based on 
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the organization of terminal fields in the MON and ELLL in the catfish that 
we have demonstrated and the internal organization of the ELLL m the 
gymnotiforms and mormyriforms, mechanisms for the evolutionary origins 
of the ELLL in catfish can be proposed. 
The most parsimonious argument is that within an original 
mechanosensory nucleus in a common ancestor to both the catfish and 
gymnotiforms an internal topographic representation of the mechanosensory 
periphery was formed. Based on anatomical evidence in the gar (Song and 
Northcutt, 1991) and goldfish (Puzdrowski, 1989) there is no topographic map 
in the MON of these fish. Therefore, the topography in the MON of the 
catfish may represent a derived character. The MON map in the ancestor of 
these two groups of fish may have served as a template for the map formed in 
the ELLL. The original MON would have split and given rise to both the 
present MON and the ELLL, forming the inverted topographic image along 
the nuclear boundaries. In the gymnotiforms, this may have been the process 
that led to the origin of the ampullary map that lies adjacent to the MON 
(assuming there is a topographic representation in this nucleus). This map 
may have itself divided and given rise to the next adjacent map that also 
forms a mirror image across their boundary. This would have occurred as a 
population of ampullary electroreceptors was recruited to function as high-
frequency electroreceptors in the periphery. Furthermore, this first tuberous 
electrosensory map may have split and gave rise to the next map, which also 
forms a mirror image, and finally this would then lead to the last, or most 
lateral map in the ELLL. This cascade may have begun as a map was formed 
in the MON of an ancestor to both the catfish and gymnotiforms. One 
lineage, the silurid lineage, producing one adjacent electrosensory map, the 
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gymnotiform lineage producing four maps. Another possibility is that the 
catfish and gymmnotiforms are not monophylitic, as evidence from 
phylogenetic mapping of the 28s gene seems to indicates (Le et. al., 1993). If 
this is the case then the internal topographic representation may have been 
reevolved independentily in these two lineages. 
Without knowing the organization of the ampullary electroreceptor 
periphery in the ELLL or the mechanoreceptor periphery in the MON of the 
Xenomystinae it would be difficult to propose the evolutionary origins of the 
maps found in the present day mormyriforms. However, the internal 
organization of the ELLL in the mormyriforms allows for speculation that a 
similar process may have occurred in these teleosts. The ampullary 
electroreceptor map in these fish is also proximal to the MON and the other 
two cortical maps are oriented as mirror images to each other and the nuclear 
map. However, the nuclear map is not oriented as a mirror image to the 
ampullary map. 
Topographic Organization and Function 
of the ELLL and MON 
Although water displacement and electrical fields are two 
fundamentally different forms of energy, similar aspects of the stimuli's 
spatial distribution must be ascertained by the central nervous system. In 
order to resolve the spatial distribution of the stimuli at least two possibilities 
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are possible based upon studies of other sensory systems. One is to maintain a 
puint to point topographic representation of the receptor periphery or the 
receptive field, and the other is to calculate the spatial distribution based on 
properties of the stimuli such as time and phase differences, or amplitude of 
the stimuli waveform. 
In catfish and other electroreceptive teleosts it appears that a point-to-
point topography between different peripheral receptors is used to determine 
aspects of spatial distribution of the electrical field. The presence of a 
topographic map in the MON implies that spatial aspects of the 
mechanosensory stimuli may also be determined by the topographic 
segregation of input rather than or in addition to computation of overlapping 
input. However, the lack of such topography in the MON of all but a few 
other species (Pantodon (Bliibaum-Gronau and Munz, 1987)), and to a lesser 
degree in the gar, (Song and Northcutt, 1991) and Astronotus (Meredith, 1984) 
implies that the mechanosensory system may rely on a computed map for 
spatial information. The topography that is seen in the MON of catfish along 
the dorsoventral axis may represent a condition that is intermediate between 
most teleosts and those that are electroreceptive. The mechanosensory nuclei 
in some ancestral teleost may have evolved a more precise topographic 
representation that served as a template for the formation of the ELLL in the 
catfish and other electrosensory teleosts. However, without further 
anatomical and physiological studies on the function and presence of 
topography in the lateral line nuclei of other teleosts, these conclusions must 




Figure 1. Phylogenetic distribution of electroreception among the major taxa 
of anamniotes. Electrosensory abilities are present in all groups except those 
marked with an asterisk; loss of electroreception in a radiation is indicated by 
a dashed line. DN represents taxa with the dorsal octavolateralis nucleus, EL 
taxa with the ellectrosensory lateral line lobe, and CT (primitive tuberous), 
AT (low frequency), AP (high frequency) represent types of electroreceptors. 
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Figure 2. Phylogenetic distribution of electroreception among the teleosts. 
Electroreceptive groups (E) are indicated. Adapted from Finger et al, 1986. 
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Figure 3. Three patterns of medullary organization found among the lower 
vertebrates. Top diagram from the elasmobranch, Squalus acanthians, is 
representative of the medullary organization seen in electroreceptive non-
teleost fishes and amphibians. Middle diagram, from a holostean fish, Ami a 
calva, shows the pattern found in all holosteans, and non-electroreceptive 
teleosts and amphibians. Top diagram, from a teleost, Ictalurus punctatus, 







Figure 4. Schematic diagram of a dorsal hemisagittal view illustrating 
projections of different nerve branches of the ALLN, MLLN, and rostral PLLN 
in Ictalurus. Broken lines indicate positions of barbels. Modified from 
Herrick, 1901. 
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Figure 5. Schematic diagram of the anterior lateral line component of the 
anterior ganglion in lctalurus. The electrosensory and mechanosensory 
ALLN components of the anterior ganglion are represented by the solid black 









Figure 6. Dorsal view of the brain of Ictalurus punctatus, indicating the 
primary medullary and cerebellar afferent and efferent lateral line nuclei. 
























Figure 7. Schematic diagram of Ictalurus, showing the dorsoventral 
arrangement of receptors innervated by the principal branches of the ALLN. 
The superficial ophthalmic (SO) innervates receptors located dorsally while 
the hyomandibular (HM) innervates receptors ventrally. The buccal (B) 






Figure 8. Transverse sections through the medulla and cerebellum of 






Figure 9. Schematic diagram of the cellular organization of the ELLL in 
Jctalurus. Primary lateral line afferents enter from the right of the diagram, 
central afferent and efferent connections are indicated on the left of the 
diagram. Dotted lines indicate likely but unconfirmed projections. See text 
for details. Modified from Finger, 1986. 
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Figure 10 Drawing of transverse sections through the ELLL illustrating fibers 
(lines) and terminal fields (filled circles) of the principal branches of the 
ALLN in Ictalurus. The relative position of the nucleus is shown in black in 
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Figure 11 Drawing of transverse sections through the MON illustrating fibers 
(lines) and terminal fields (filled circles) of the principal branches of the 
ALLN in Ictalurus. The relative position of the nucleus is shown in black in 

















Figure 12 Drawing of transverse sections through the EGa and EGp 
illustrating fibers (lines) and terminal fields (filled circles) of the principal 
branches of the ALLN in Ictalurus. The relative position of the nucleus is 
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Figure 13. Drawings of transverse sections through the rOEN of Ictalurus 
showing the distribution of retrogradely labeled efferent cells. Open circles 
indicate location of unlabeled efferent cells, while filled circles represent 
labeled efferent cells. Horizontally, sections are approximately at the same 
rostrocaudal level. Midline (mdl) is indicated. 
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Figure 14. Schematic diagram illustrating the mirror image topographic 
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Figure 15. Low power photomicrograph of the ELLL and MON in Ictalurus 
showing the location and organization of the nuclei in the brainstem. The 
bar scale represents lOOµm. 
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Figure 16. Photomicrograph of HRP labeled primary afferent nerve fibers in 
the ELLL of Ictalurus after labeling the superficial opthalmic branch of the 
ALLN. The bar scale represents SOµm. 
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Figure 17. Photomicrograph of HRP labeled primary afferent nerve fibers in 
the MON of Ictalurus after labeling the superficial optalmic branch of the 




Figure 18. Photomicrograph of HRP labeled efferent cell bodies in the rEON 
of Ictalurus. Neurons in the facial motor nucleus were also labeled after 
application of HRP in the periphery and are shown lateral to the midline (*). 
The bar scale represents S0µm. 
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